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I. ABSTRACT

OBJECTIVES: The man objective of this project is to provide a fundamental understanding of deposition
process of flyash and pulverized coal particles in coa combustors and coa gasifiers. The other objective is to
develop a Lagrangian particle trajectory analysis for flyash and coal particles under various conditions. Assessing
the significant effects of nonsphericity of coal and ash particles, as well as turbulent dispersion, Brownian
diffusion, thermophoretic, electrostatic and surface forces on wall deposition process is included in the project.
Developing a semi-andytical moddl for deposition rate of coal and flyash particles and experimenta verification of
the simulation and analytical results are important parts of the study.

WORK DONE AND CONCLUSIONS: Numerical simulations of particle deposition process in a circular duct,
dispersion of elongated particlesin an isotropic turbulent flow field and in a recirculating region, as well as physica
models for evaluating particle deposition and removal in turbulent flows were completed. The new mode for
particle resuspension includes the effects of surface and hydrodynamic forces and torques and covers smooth and
rough surfaces. A thermodynamically consistent model for turbulent two phase flows and a kinetic base model for
particulate flows were formulated. These models were used and dense and dilute two-phase gas-particle turbulent
flow in avertical duct and granular flow over a chute were analyzed.

SIGNIFICANCE TO FOSSIL ENERGY PROGRAM: Transport and deposition of particles play a critical
role in operation, efficiency, safety and maintenance of coal combustors and gasifiers. Turbulent mixing of
pulverized coa significantly affects the efficiency of combustion, pyrolysis and gasification processes. Deposition
of flyash and other particles on the wall leads to the formation of coa dlag. Corrosion by coal dag is a serious
problem in coal-gasification and combustion systems.. Presence of particulate contaminant in the combustion
product is also amajor source of air pollution in coa energy systems. No completely satisfactory model describing
the motion of a coa or ash particle in the highly transient turbulent flow and thermal conditions in coal combustors
and gasifiers exists. More importantly, the controlling mechanisms for deposition of particles on surfaces in a
turbulent stream with strong temperature gradients are not fully understood. Without such an adequate
understanding, providing mitigation measures against dag formation and/or improving the efficiency of coal
combustors are not possible. The genera goal of this research isto provide such afundamental understanding, and
to develop an accurate computational model for smulating motions of ash, pulverized coal, and soot particles in



complex regions of coal combustors and gasifiers. Availahility of these tools and knowledge base acquired will be
indispensable for the future development of the environmentally acceptable coa energy system.

1. HIGHLIGHT ACCOMPLISHMENTS

An efficient computational model for analyzing the transport and deposition of particles in complex regions is
developed. The computational model makes use of an advanced anisotropic turbulence model and uses the particle
equation of motion which includes all the forces relevant to the motion and deposition of particles. In addition to
the nonlinear drag and turbulence dispersion effects, the model includes the lift force, as well as, the Brownian and
thermophoretic effects. The instantaneous turbulence fluctuations are ssimulated as an anisotropic continuous
Gaussian random vector process. The computational mode! is tested for severa cases and its accuracy is verified.
Studies concerning dispersion and deposition from a point source of particles in a turbulent air flow and deposition
from uniform concentration in a circular cylindrical duct and in a recirculating flow are performed. In a related
work, duct flows of dense and dilute two-phase flows are numerically smulated. Based on the downsweep flow
pattern generated by the near wall turbulence eddies, a smplified model for particles deposition rate in the presence
of gravity and electrostatic forces is developed. A new flow physical (flow structure based) model for particle
resuspension in turbulent gas flows is also devel oped.
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